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•	 Improvement	 of	 genetic	 enginee-
ring	 technologies	 to	 enhance	 public	
perception
•	 Improvement	of	harvest	index
•	 Improvement	 of	 nutrient	 cycling	 in	
agricultural	ecosystems







tices	 since	 then	 have	 been	 continuously	
developing,	not	only	cultivation	practices	
of	plants	 improved	productivity,	 but	 also	





only	 the	 farmland	 available	 per	 capita	 is	
decreasing,	but	also	the	demands	for	renew-
able	 products	 derived	 from	agriculture	 is	
increasing	as	traditionally	petroleum-based	
industries	 are	more	 and	more	 relying	 on	
biomass-derived	products,	energy	being	the	
most	prominent	example.
The	 Grand	 Challenge	 in	 Plant	
Biotechnology	 therefore	 lies	 foremost	 in	






industrial	 applications	 including	 the	pro-
vision	of	 energy	 for	 a	 range	of	purposes,	
which	can	only	be	achieved	if	the	enabling	
technologies	 are	 also	 further	 developed	
allowing	 advancements	 in	 plant	 breeding	
at	unprecedented	speed.
To	 this	 end,	 it	 requires	 a	 highly	 inter-
disciplinary	 effort	 to	 interpret	 the	multi-
parallel	data	 sets	 generated	 currently	 and	
even	more	so	 in	the	future	at	all	 levels	of	
plant	biology	to	generate	information	that	





changing	 environments	 that	 are	 almost	
















able	 herbicides	 and	 more	 economically	
favorable	 herbicides	 are	 utilized	 in	 pro-
duction	systems	of	such	crops.	The	chal-
lenge	 remains	 to	be	 able	 to	 sustain	 such	
production	 systems	 with	 crops	 resistant	
to	broadband	herbicides,	as	 it	 is	 foresee-
able	 that	after	continuous	application	of	








management	 that	 prevents	 selection	 for	
herbicide	tolerance	in	weeds.	This	not	only	
needs	 development	 of	 novel	 herbicides	




second	 trait	 that	 has	 been	 commercially	
exploited	on	a	 large	 scale	 so	 far,	which	 is	
resistance	 to	 insect	 pests,	 and	 which	 has	
been	addressed	so	far	by	expressing	bacterial	
toxins	against	the	respective	pests	in	crops.	



















the	 exception	 of	 specialty	 applications	 of	











with	 colleagues	 in	 the	 broadest	 fields	 of	
Humanities	and	Laws	to	be	able	to	influence	




nology	 however	 only	will	 grow	 the	more	
crops	are	commercialized	where	the	benefit	
to	the	consumer	or	the	subsistence	farmer	
are	more	 clearly	 evident,	which	will	 only	
happen	if	regulatory	demands	are	loosened	
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similar	to	transferring	the	capability	of	C4	
metabolism	 to	 C3	 plants.	Whether	 these	






Increasing	 demands	 to	 crop	 produc-
tion	are	continuously	imposed	by	utilizing	
fatty	acids,	starch,	and	sucrose	for	biofuel	





pete	 for	 food	 and	 feed.	 These	 could	 be	
plants	 that	 grow	 in	 environments,	 which	
are	currently	not	cultivated,	plants,	which	
produce	 more	 energy-dense	 biomaterials	




the	 rubber	 tree,	 which	 exclusively	 grows	











Finally,	 there	 is	 the	 ultimate	 challenge	
to	genetically	tailor	plant	products	to	opti-
mally	 suit	 them	 as	 sources	 of	 food,	 feed,	
fuel,	materials,	 and	 pharmaceuticals.	 The	
ultimate	 challenge	 is	 to	 understand	 and	
influence	 metabolism	 without	 compro-
mising	 crop	 productivity,	 unless	 high-
value	compounds	such	as	pharmaceuticals	








highly	 environmentally	 specialized	 varie-
ties,	but	also	to	stimulate	public	acceptance	





(Gifford	 and	 Evans,	 1981;	 Gifford	 et	 al.,	
1984),	which	is	the	ratio	between	biomass	
produced	 and	 biomass	 harvested.	 Many	
attempts	 have	 been	 undertaken	 for	more	




this	 was	 successfully	 achieved,	 namely	 in	
potatoes,	where	it	was	possible	to	increase	
crop	yield	by	elevating	the	starch	content.	
This	 was	 done	 through	 manipulation	 of	
nucleotide	metabolism	 rather	 than	 influ-
encing	 carbohydrate	 metabolism	 directly	
(Regierer	et	al.,	2002;	Geigenberger	et	al.,	
2005),	 and	 the	 mechanisms	 by	 which	
















fruits	 and	 tubers,	 as	 well	 as	 consumable	
leaves	as	an	example.
In	 order	 to	 satisfy	 the	 ever	 increasing	
demands	 to	 crop	 production	 in	 the	 con-
text	of	decreasing	resources	it	becomes	of	
central	 importance	 to	 develop	 crops	 that	
remain	being	productive	with	 less	 energy	




are	 not	 incorporating	 or	 not	 negatively	
affected	by	 toxic	heavy	metals	 or	 organic	
compounds	 contained	 within	 the	 sludge.	
The	scientific	challenges	pertaining	to	these	









ically	 less	attractive	 traits.	Alternatively,	 it	





enhance	 public	 acceptance.	 Examples	 are	














Even	 though	 knowledge	 on	 mecha-
nisms	by	which	plants	 develop	 resistance	
to	fungal	pathogens	has	been	growing	vastly	
over	 the	 last	 two	 decades	 (Schulze-Lefert	













choice	 to	 introduce	 single	 traits	 as	 exem-
plified	by	 the	 transgenic	 papaya	 that	 had	
been	engineered	to	be	resistant	to	papaya	
ringspot	 virus	 and	 had	 been	 introduced	
to	 the	Hawaiian	market	 in	 the	 late	 1990s	
to	 revitalize	 the	 local	 papaya	 industry	
(Gonsalves,	2004).	In	whatever	genetically	
complex	 crop	 it	 remains	 the	 challenge	of	
Plant	Biotechnology	to	discover	and	engi-
neer	 mechanisms	 of	 disease	 resistance	 if	
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engineered	 transcription	 activator-like	 effector	
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